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국문초록

건강과 삶의 질 향상에 대한 관심이 커짐에 따라 도시녹지가 가져다 주는 건강편익이 크게 주목되고 있지만,이에

관한 객관적이고 과학적인 데이터는 매우 부족한 실정이다.따라서 본 연구에서는 도시녹지가 가져다 주는 건강편익에

대한 과학적 자료를 얻기 위해 생리적,심리적 지표를 활용하여 실험을 실시하였다.과거병력이 없는 20대 남자 대학생

20명이실험에참가하였고,자극은 녹지와도시에서 실제의경관을15분간감상하는것으로하였다.이번연구는충남대학

교 의학전문대학원 생명윤리심사위원회의 승인을 받은 후 실시되었다.녹지와 도시에 대한 생리반응을 분석한 결과,

도시에 비해녹지에서심박동수가 현저히 감소하였고,안정상태에서증가하는 부교감신경활동이 유의하게 향상되었으며,

스트레스호르몬의 일종인 코티솔 농도가 낮아지는 경향이 보였다.심리반응에 있어서는 부정적인 감정과 정신상태가

녹지에서 보다 유의하게 낮아진 반면,활력은 유의하게 증가하였다.이번 연구의 결과는,녹지를 접하는 것이 심리적

변화뿐만 아니라 인체의 자율신경계와 내분비계 활동에 긍정적 변화를 가져다 준다는 것을 보여주는 것으로써,녹지가

도시민의 건강증진과 관련하여 매우 직접적인 환경요인이 될 수 있음을 과학적으로 뒷받침한다고 할 수 있다.

주제어:녹지경관,건강증진,심박동변이,타액코티솔,심리적 안정

ABSTRACT

Withincreasinginterestinhealthpromotionandqualityoflife,growingattentionhasbeenfocusedonthebeneficial

effectsofurbangreenarea.However,veryfewevidence-basedapproacheshavebeenconductedonthehealth-related

benefitsofurbangreenery.Therefore,thisstudyexaminedthehealth-relatedbenefitsofgreenareasusingphysiologicaland
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psychologicalindicestoobtainevidence-baseddataonthesebenefits.Twentymaleuniversitystudentswereselectedas

subjects.Datawerecollectedwhenparticipantsviewedlandscapesinagreenareaoranurbanareaforfifteenminutes.

ThisresearchwasreviewedandapprovedbytheEthicsCommitteeofSchoolofMedicine,ChungnamNationalUniversity.

Physiologicaldatainthegreenarearevealedsignificantlydecreasedheartrates,significantlyincreasedhigh-frequencyvalue

ofheartratevariability,anindexofparasympatheticactivity,andreducedsalivarycortisolconcentration,astresshormone,

comparedtotheurbanarea.Psychologicaltestsshowedthegreenareasignificantlyreducedthenegativemoodstateand

psychologicalsymptoms,andsignificantlyincreasedthepositivemoodstate.Ourdataprovidedevidenceforthehealth-related

benefitsofgreenareas,andthefindingsofthisstudysupportthatgreenareascanplayacriticalroleinhealthpromotion

forurbanresidents,bypositivelyaffectingautonomicnervousandendocrinalactivities.

KeyWords:GreenLandscape,HealthPromotion,HeartRateVariability,SalivaryCortisol,PsychologicalRelaxation

Ⅰ.INTRODUCTION

Growingattentionhasbeenfocusedonthebeneficialeffects

ofurbangreenarea,withincreasingreportssupportingthe

theorythattoday'sartificializedurbanenvironmentsmayhave

negativeeffectonindividuals'andcommunities'health(IUHPE,

1999;Tzoulasetal.,2007).Risinginterestinhealthpromotion

andqualityoflife,especiallyindevelopedsocieties,isnow

fuelingsocietalattentiononthehealth-relatedbenefitsof

greenarea.

Todate,manystudieshavebeenconductedonthepositive

effectsofgreenareaonhumansanditisalreadywellknown

thatgreeneryhelpsimproveemotionalstates(Ulrich,1979),

recoveringattentionalfatigue(Herzogetal.,1997;Kaplanand

Kaplan,1989;Hartigetal.,1991),relievestress(Ulrichetal.,

1991;Kaplan,1995)andincreasejobsatisfaction(Leatheretal.,

1998;Shin,2007).Additionally,recentdemographicresearch

supportspositiverelationshipsbetweenurbangreenarea

andtheperceivedgeneralhealthofresidents(Maasetal.,

2006),longevityinseniorcitizens(Takanoetal.,2002),and

socioeconomichealth(MitchellandPopham,2008).However,

verylittleevidence-basedapproacheshavebeenconducted

onthehealth-relatedbenefitsofgreenery(Yi,2006;Leeet

al.,2011),despitenumerousstudies.Somestudieshavepro-

videdphysiologicaldataonthehumanresponsetonature-

orientedstimulations(Yi,2003;Sudaetal.,2007;Leeetal.,

2008;Parketal.,2009a),butmostoftheseexperimental

studieswereconductedincontrolledindoorrooms.Although

indoorstudiescanbeusefulforexploringtheeffectsof

specificstimulation,itcannotfullyreflectthetherapeutic

effectsofrealgreenenvironments.Infact,reliablescientific

dataonthehealth-relatedbenefitsofrealgreenareaarestill

lackingandverylittlehasbeenknownaboutthekindof

therapeuticeffectsthatcanbeobtainedfrom contactwith

greenarea.

Manyscientistshaveemphasizedtheimportanceoffield

research(Groenewegenetal.,2006;Leeetal.,2009;Miyazaki

etal.,2011),becausefieldresearchcanprovidecrucialdata

onhumanresponsestorealenvironments.Infact,thethera-

peuticeffectofgreenareaisobtainedfrom overallstimuli

throughthefivesenses(Miyazakietal.,2011),meaninga

fieldsearchisfundamentaltoverifythemoredirecthealth

benefitsofgreenarea.Inordertoinvestigatehumanphy-

siologicalactivitiesinoutdoorfields,stablephysiological

measurementtechnologyisrequired.Todate,althoughithas

beenconsideredverydifficulttoobtainreliablephysiological

dataoutdoors,therapidprogressintechnologiesmeasuring

andanalyzingphysiologicalactivitiesinrecentyearshas

spawned a new methodology for evidence-based field

research(Miyazakietal.,2011).Moreover,somerecentfield

research using this methodology has actually revealed

interestingdataconcerninghumanphysiologicalreactivityto

realforestenvironments,includingcentralnervous,autonomic

nervousandendocrineactivities(Parketal.,2007,Parketal.,

2008,Leeetal.,2009;Leeetal.,2011).However,there

remainsalackofevidence-baseddataonthehealthbenefits

ofurbangreenareas,despitenumerousstudiesshowingthe

psychologicalbenefitsofurbangreenery.

Therefore,thepurposeofthisstudywastoexaminethe

health-relatedbenefitsofurbangreenareasthroughphysiological

andpsychologicalindicesandprovideevidence-baseddataon

thesebenefits.
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Ⅱ.METHODS

1.Subjects

Twentymaleuniversitystudentswereselectedassubjects.

Thosewhowerehabitualsmokersordrinkers,andwhohad

previouscardiovascularormentaldisorderswereexcluded.

Theirmeanagewas24.0(standarddeviation=2.1).Toincrease

thevalidityofthephysiologicaldata,thegenderandageof

thesubjectswerecontrolled.Beforetheexperiment,thecontents

ofthestudywerethoroughlyexplainedandawrittendescription

wasprovided.Allthesubjectsagreedtothestudyprotocol

andsignedwritteninformedconsent.Thisresearchwasreviewed

andapprovedbytheEthicsCommitteeofSchoolofMedicine,

ChungnamNationalUniversity(CNU).

2.FieldSites

ThefieldstudywasperformedinOctober2009.Thefield

siteselectedfortheexperimentwasagreenareawithinthe

campusofChungnam University(hereinafterreferredtoas

greenarea;Figure1).Nowadays,theuniversitycampusis

usedasarestorativegreenarea,notonlyforuniversity

membersbutalsoforurbanresidents,asmoreandmore

universitiesareopeningtheircampustolocalsocieties.Given

thattheroleoftheuniversitycampusasanurbangreenarea

hasbecomemoreprominent,theneedhasarisentoexamine

itshealth-relatedeffectsinanevidence-basedway.Asa

control,anurbanizeddowntownareanearChungnamUniversity

wasselected(hereinafterreferredtoasurbanarea).

3.ExperimentalProtocol

Twentysubjectswererandomlydividedintotwogroupsof

tenpersons,andtheexperimentwasconductedovertwo

days.Onthefirstday,thefirstrandomlyselectedgroup

Figure1.Aparticipantviewingthelandscapeofgreenarea(left)

andurbancommercialarea(right)inaseatedposition.

performedtheexperimentinthegreenarea,andatthesame

time,theothergroupdidthesameprocedureintheurban

area.Onthesecondday,thetwogroupsswappedoverfield

siteswitheachotherandperformedthesameexperiment.

Eachsubjectviewedareallandscapeofgreenoranurban

areaforfifteenminutesinaseatedposition.Heartrateand

heartratevariability(HRV)datawascollectedcontinuously

throughouttheexperimentandsalivawassampledaftereach

fifteen-minuteviewing.Psychologicaltestswerealsoperformed

afterviewingeachlandscape.

4.DataCollectionandAnalysis

Asforphysiologicalindices,heartratesandheartrate

variability(HRV)weremeasuredasanindexofautonomic

nervousactivity,andsalivarycortisolconcentrationwasinve-

stigatedasanindexofendocrineactivity.Autonomicnervous

activityconsistsofsympatheticandparasympatheticnervous

activities,whicharerespectivelyantagonistictoeachother.In

general,sympatheticnervousactivityiselevatedwhenina

stateoftensionorstress,andconversely,parasympatheticnervous

activityisincreasedwheninarelaxedstate(Sakakibaraet

al.,1994).Sincesympatheticandparasympatheticnervous

activitiescanbeanalyzedseparatelybymeasuringHRV,itis

possibletodeterminewhetherthebodyisinarelaxedor

stressedstate.HeartratesandHRVdatawerecollectedusing

apotableelectrocardiogrammeasurementinstrument(Activtracer

AC-301A,GMS,Japan).Theheartratewasanalyzedonthe

basisofone-minutesegmentsbyaveragingouttheR-Rheart

beatdata.HRVdatawasanalyzedbyusingtheMaximum

EntropyMethod(MemCalc/win(GMS,Tokyo,Japan)).The

datawasinterpretedandanalyzedbydividingitintolow-

frequencyelements(LF;0.04-0.15Hz)andhigh-frequency

elements(HF;0.15-0.40Hz;TaskForceoftheEuropean

SocietyofCardiologyandtheNorthAmericanSocietyof

PacingandElectrophysiology,1996).HFwasusedasamarker

ofparasympatheticnervoussystem,andLF/(LF+HF)was

usedasamarkerofsympatheticnervoussystem(Cacioppoet

al.,1994;WeiseandHeydenreich,1989).IntheHRVdata,

however,thereweresignificantdifferencesamongindividuals,

soitwasanalyzedbyconvertingitintonaturallogarithms.

ThedataontheheatratesandHRVwasfinallyanalyzedfor

the19subjects,sincetherewasanerrorforonesubjectwhen

collectingthedata.
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Cortisolisoneoftherepresentativestresshormonessecreted

fromthehypothalamic-pituitary-adrenal(HPA)axis.Salivary

cortisolcanbeeasilysamplednoninvasivelyfromthesaliva,

andhasbeenverifiedasausefulbiologicalmarkertomeasure

thedegreeofstresstowhichabodyissubject(Kirschbaum

andHellhammer,1994;Sluiteretal.,2000;Seplakietal.,

2004).SalivawastakenbyusingSalivette(No.51.1534;Sarstedt,

Numbrecht,Germany),andthesalivasamplescollectedwere

keptfrozenandanalyzedinalaboratory.

Fourdifferentkindsofquestionnaireswereusedtoinvestigate

thepsychologicalresponses,subjectiveimpressionevaluation

bythesemanticdifferential(SD;Osgoodetal.,1957)method,

profileofmoodstates(POMS;McnairandLorr,1964),state-

traitanxietyinventory(STAI;Spielberger,1983)andsymptom

checklist-90-revision(SCL-90-R;DerogatisandCleary,1977).

Thequestionnairewasfilledinbeforeandafterviewingeach

reallandscape.SDevaluationwasperformedbyusingthree

pairsofadjectiveswithsevenscales,including'comfortable-

uncomfortable','soothed-aroused'and'natural-artificial'.The

POMSdatawasanalyzedbydividingitintosixsubscales,

includingtension-anxiety(T-A),depression(D),anger-hostility

(A-H),vigour(V),fatigue(F)andconfusion(C),andthe

totalmooddisturbance(TMD)wascalculatedbysubtracting

avigour(V)scoreoutofthesumoftheotherfivesubscales.

ThisindicatesthatthehighertheTMDvalue,thestronger

thesubjects'negativeemotions.InthePOMStest,ashortened

versionwiththirtyquestionswasusedtoreducetheburden

onthesubjects.TheSCL-90-R,amultidimensionalpsycholo-

gicaltestinstrument,wasused toassesspsychological

symptomsandpsychologicaldistress.TheSCL-90-Rscores

werecalculatedbydividingitintoninesubscales,suchas

somatization(SOM),obsessive-compulsive(O-C),interpersonal

sensitivity(I-S),depression(DEP),anxiety(ANX),hostility(HOS),

phobicanxiety(PHOB),paranoidideation(PAR)andpsycho-

ticism(PSY),respectively.

Allthedatawasshownasmean±standarderror(Mean±SE).

A pairedt-testwasusedtocomparethedifferencesin

physiologicalreactivitybetweenthegreenandurbanareas.

Also,aWilcoxonsignedranktestwasappliedtoanalyzethe

differencesinpsychologicalindicesbetweenthetwoenviron-

mentalstimuli.Thesignificantlevelwasdefinedasp<0.05.

Ⅲ.RESULTS

1.DifferencesinPhysiologicalReactionstotheGreen

andUrbanAreas

Inthecomparisonofphysiologicalindicesbetweenthe

greenandurbanarea,keydifferenceswereobserved.Heart

ratesduringthefifteen-minuteviewingofthereallandscapes

werefoundtohavesignificantlydecreased(2.81%)inthe

greenarea(83.1±0.6),comparedtotheurbanarea(85.5±0.6;

p<0.01;Figure2).WhencomparingtheresultsofHRVdata,

asignificantdifferencewasfoundinln(HF)betweenthetwo

environmentalstimuli,whichisamarkerofparasympathetic

nervousactivity.Thegreenarea(5.26±0.28)showeda3.05%

highervaluethantheurbanareainln(HF)(5.08±0.26;

p<0.01;Figure3).Inthecomparisonofln(LF/(LF+HF))

Figure2.Comparisonofheartratesbetweengreenandurban

areaswhenviewingreallandscapesforfifteenminutes.

N=19;mean±standarderror;**,p<0.01;Pairedt-test.

Figure3.ComparisonofIn(HF)valuesbetweengreenandurban

areaswhenviewingreallandscapesforfifteenminutes.

ln(HF)indicatesnaturallogarithmofhigh-frequencypower

inheartratevariabilityanalysis.N=19;mean±standard

error;**,p<0.01;Pairedt-test.
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Figure4.Comparisonofsalivarycortisolconcentrationsbetween

greenandurbanareasafterfifteen-minuteviewingofreal

landscapes.N=20,mean±standarderror,Pairedt-test.

values,whichisamarkerofsympatheticnervousactivity,no

significantdifferencewasdetectedbetweenthetwostimuli.

Intheanalysisofsalivarycortisolconcentration,thegreen

areatendedtobelowerthantheurbanarea,buttherewas

nosignificantdifferencebetweenthem(Figure4).

2.DifferencesinPsychologicalReactionstoGreen

andUrbanAreas

Theresultsoftheanalysisofpsychologicalresponsestothe

realgreenandurbanlandscapesafterthefifteen-minute

viewingrevealednotabledifferencesbetweenthetwo.Following

thecomparisonoftheSDscores,significantlyhigherscores

wereobservedinthegreenareaforthreeadjectivepairs,

'comfortable-uncomfortable(p<0.01)','soothed-aroused(p<0.01)'and

'natural-artificial(p<0.01)',comparedtotheurbanarea(Figure

5).SignificantdifferenceswerealsodetectedinthePOMS

test(Figure6).Thescoresfornegativesubscalessuchas

tension-anxiety(T-A;p<0.01),depression(D;p<0.01),anger-

hostility(A-H;p<0.01),fatigue(F;p<0.01)andconfusion(C;

p<0.01),werefoundtohavesignificantlydecreasedafter

viewingthegreenarea,comparedtotheurbanone.Con-

versely,positivemoodstateslikevigour(V)werefoundto

havesignificantlyincreasedinthegreenarearatherthanthe

urbanarea(p<0.01).Inthecomparisonoftotalmooddis-

turbance(TMD),thescoreforwhichincreaseswithrising

negativemoodstates,thescoreforthegreenarea(－5.9±1.8)

wasfoundtobesignificantlylowerthantheurbanarea

(15.1±4.2)afterafifteen-minuteviewingofreallandscapes

(p<0.01).AsaresultofanalyzingtheSTAIthatinvestigates

thedegreeofstateanxiety,thiswasfoundtohavedecreased

Figure5.Subjectiveevaluationbysemanticdifferentialmethods

afterfifteen-minuteviewingofrealgreenandurban

areasusingthreepairsofadjectives,(A)comfortable-

uncomfortable,(B)soothed-arousedand(C)natural-

artificial.N=20,mean±standarderror,**,p<0.01;Wilcoxon

signed-ranktest.

Figure6.Comparisonofthemoodstateafterfifteen-minuteviewing

ofrealgreenandurbanareasusingshortenedversion

ofPOMS.T-A,tension-anxiety;D,depression;A-H,anger-

hostility;V,vigour;F,fatigue;C,confusion;TMD,total

mooddisturbance.N=20,mean±standarderror,**,p<0.01;

Wilcoxonsigned-ranktest.

by40.6%inthegreenarea(29.8±1.5),comparedtotheurban

area(50.2±1.9;p<0.01;Figure7).Likewise,intheanalysisof

SCL-90-R,thescoresforthenegativesymptom subscales

werefoundtohavesignificantlydecreasedinthegreen

arearatherthantheurbanarea,suchassomatization(SOM;

p<0.01),obsessive-compulsive(O-C;p<0.01),interpersonalsen-

sitivity(I-S;p<0.01),depression(DEP;p<0.01),anxiety(ANX;

p<0.01),hostility(HOS;p<0.01)andparanoidideation(PAR;

p<0.01),respectively(Figure8).
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Figure7.Comparisonofthedegreesofstate-anxietyafterfifteen-

minuteviewingofrealgreenandurbanareas.N=20,

average±standarderror,**,p<0.01;Wilcoxonsigned-rank

test

Figure8.Scorecomparisonofthesubscalesofthesymptomcheck

list(SCL-90-R)afterfifteen-minuteviewingofrealgreen

andurbanareas.SOM,somatization;O-C,obsessive-

compulsive;I-S,interpersonalsensitivity;DEP,depression;

ANX,anxiety;HOS,hostility;PHOB,phobicanxiety;PAR,

paranoidideation;PSY,psychoticism.N=20,mean±standard

error,*,p<0.05;**,p<0.01;Wilcoxonsigned-ranktest.

Ⅳ.DISCUSSION

Ourresultsupportedthetheorythatviewingrealurban

greenareacanbenefithealthbyboostingphysiologicalactivity,

aswellaspsychologicalstates.Comparedtoviewingurban

landscapes,theheartrateswerefoundtohavesignificantly

decreased(2.81%),andanalysisofHRV revealedelevated

parasympatheticnervousactivityinthegreenarea(3.05%).

Elevatedparasympatheticnervousactivityisoftenseenin

therelaxationexperience,includingZenmeditation(Murataet

al.,2004)andsoothingmusic(Iwanagaetal.,2005).These

datamaysupportthetheorythatcontactwithrealgreen

areacanboosttherelaxationofautonomicnervousactivity.

Inendocrineactivity,thesalivarycortisolconcentrationtends

todecreasemoreingreenareasratherthanurbanareas,

whichindicatesthaturbangreenareascanrelievephy-

siologicalstressbyactingdirectlyontheendocrinesystem.

Theseresultsonphysiologicalreactivitypartlycorrelatewith

thoseofpreviousstudieswherebyhumanphysiologicalreactivity

wasinvestigatedinrelationtoactualforestenvironments(Lee

etal.,2009;Parketal.,2009b;Leeetal.,2011),whichmay

supporttheideathattheurbangreenareacanhavesimilar

healthbenefitstothoseofnaturalforests.Thefactthat

physiologicalactivitywasboostedbyshort-termcontactwith

greenareaiscrucial.Theautonomicnervoussystemandthe

endocrinesystem playkeyrolesinsustainingthehomeo-

stasisofthebody.Giventhatrecentadultdiseasessuchas

diabetesarecloselyrelatedtoautonomicdysfunctions(Nelson

etal.,2006),urbangreenareamayplayagreaterrolethan

expectedinmaintainingandpromotingpublichealth(Leeet

al.,2011).

Inaddition,ourdatasupportedthetheorythaturbangreen

areacanenhancepsychologicalrelaxation,aswellasphy-

siologicalmerits.Basedontheanalysisoffourpsychological

indices,subjectsfeltmorecomfortable,soothed,naturaland

vigorouswhenviewingthegreenlandscaperatherthanthe

urbanone.Atthesametime,thenegativeemotionsand

anxietylevelweresignificantlyreduced.Theseresultsonthe

psychologicalbenefitsofthegreenareaarepartlyconsistent

withthepreviousfindings(Ulrich,1979;Hartigetal.,1991;

Kaplan,1995).Ourfielddata,however,mayreflectthe

psychologicaleffectsoftheurbangreenareamoreaccurately

thanmanyotherstudiesthatwereinvestigatedindoors.

Consideringtheincreasingfocusonmentalhealth(Murray

andLopez,1996),thepsychologicalbenefitsofurbangreen

areasshouldbereevaluatedfrom theviewpointofmental

healthpromotion.

Thisstudycanbeevaluatedasverymeaningfulbasedon

theperspectivethatitprovidedscientificevidenceusing

biologicalmarkerstodeterminethephysiologicaleffectof

actualurbangreenenvironmentsthroughfieldexperiments.

Thisstudysupportsthetheorythaturbanphysicalenviron-

mentscanaffecthumanphysiologicalactivitymoredirectly
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thanexpectedandthatconstructedurbangreenareaslike

theuniversitycampuscanalsohavehealth-relatedbenefits.

However,ourresultscannotbeextrapolatedtofemaleand

differentagegroupsorethnicities,becauseonlytwentymale

adultsparticipatedassubjects.Togeneralizethefindings,

furtherevidence-basedstudiesonalargersampleincluding

varioussubjectgroupswouldberequired.

Nowadays,naturalenvironmenthasbeenrecognizedin

manydevelopedcountriesasanimportantfactorforindividual

andcommunityhealthandwell-being,farbeyondjustan

amenity(Leeetal.,2011).Internationalresearchorganizations,

suchastheInternationalUnionofForestResearchOrganizations

(IUFRO)andEuropeanCooperationinScienceandTechnology

(COST),havealreadylaunchedandinitiatednewprojectsto

utilizeforestsandurbangreenareatopromotehealth.

Henceforth,therefore,newapproachestourbanlandscapeand

greenareaareneededfromahealthpromotionperspective,in

cooperationwithprofessionalsintheareasofurbandeveloping,

landscapeplanning,regionalplanning,publichealth,and

decisionmaking.Thisfieldstudymayprovideakeyconcept

toopenanew researchareainthefieldoflandscape

architecture,promotingurbangreenareaasacriticalfactor

associatedwithhealth-relatedissuesofurbanresidents.This

researchcouldbeappliedtotheevaluationoftherapeutic

effects,thehealing-spaceplanning,parkandurbanplanning

forpublichealthandsoon.

Insummary,ourdataprovidesthefollowingevidencethat

contactwithgreensareahashealthbenefits:(1)significantly

lowervaluesinpulserateandnegativepsychologicalsymptoms,

(2)significantlyhighervaluesinln(HF)ofheartratevariability

andapositivemoodstate,and(3)reducedsalivarycortisol

concentration,whichisanindexofstressresponse,incom-

parisonwithurbanizedareas.Althoughtheseresultscannot

begeneralizedduetothelimitationsinsamplesizeandstudy

sites,itisnoteworthythatthehealthbenefitsofagreenarea

werequantitativelymeasuredusingbiologicalmarkersatfield

sites.Thesefindingsmayopenanewresearchareainthe

fieldoflandscapearchitecture,promotingurbangreenareaas

acriticalfactorassociatedwithhealth-relatedissuesofurban

residents.
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